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METHOD OF ca ah OBJECTIVE 
FOR AN AS ICAL TELESCOPE 


Given: a 


Np » the index of refraction for the D spectrum line 
of the crown glass 


Nn-1 
) =D , the dispersion constant for the crom 
NeW ¢ glass 


N, awae index Of refraction for the 2) speatrum line 
of ee flint glass 


! _ Np ss i \ 
) ——_—-. » the dispersion constant for the flint 
arene 


glass. 
d, the diaweter cof the cbhjective. 


In accordance with the usual practice, F, the focal 
length of the complete objective should be approximately 
15 times its diameter.* This is the ratio commonly 
adopted for an astronomical cbjective although if one has 
tuck Skill any figuring the objective a much Smaller ratio 
may be euployed. For example, Mr. J. Clacey at the Bu 
reau of Standards has constructed an objective 5 inches 
in diameter with a focal length of only 20.5 inch which 
gave good definition at the center of the field. How 
ever unless there are reasons which maxe imperative the 
Selection of a smaller ratio it is advisable to not de- 

‘part from the normal ratio of 15, 
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Determine f and f', the focal lengths of the crown 
and flint components respectively bv the equations: 


ae dey 
f ca aaa (2) 

Pe ee, 
flac ee (2 
( F ) ) 


Form the equation: 


(3) 


Se) lpr, 32 
ce (=) X°-4(Npb1) X+(3Np+2) (N5-1 
yo NDC 1) J Xpet Digan : (i p-1) 
6) { Nv Loe S, 
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Np-1 ose iag PD ; 
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X = 1 (4) 
Nes WA 

= ee : \ 22k aK Sie a =A (5) 
Sees Nand 


This yields a quadratic in X which may be solved and 
which will have two real solutions if the glasses 
Selected are suitable for a telescope objective. 

Either solution will determine values of the radii for 

an objective free from spherical aberration. The root 
Smaller in absolute value should alvays be selected since 
it gives the objective vith the flatter curves which 

are better adapted for a large aperture. Having deter- 
mined X , the value of X' way be obtained by means of 
equation (5). 
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Then the radii are given by equations 6, 7 and 8: 


ce 2(Np-1)f 3) 
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The objective which has now been designed is the 
type in which the crown component is the one nearer 
the object and the two surfaces in contact have the same 


radius of curvature. An ordinary crow (Np= 1.524, 
y= 59), or a barium crom (Np= Siler Me 56), may be 
used with a flint (Np= G20 0 = SG). (The values of 


the indices given in the above sentence are only approxi- 
mate and will be deviated from considerably in the glasses 
made by different manufacturers. ) 


If the computation is correctly carried through, 
ry will be positive, which indicates that the first sur- 
face is convex, Ts will be negative which signifies a 
convex surface for the crown and concave surface for the 
flint component. The third radius may be either 
positive or negative and very large in comparison with 
ry and To: alae r, 1s positive it indicates a concave 
Surface; if negative, a convex surface. With many 
pairs of glasses which may be selected, rg will be so 


large that it will be a sufficiently good approximation 
to make the last surface plane. 
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Equations 9 and 10 enable one to determine the thick- 
nesses of blanks necessary for the crown and flint com 
yonents respectively: 


2 3 
d d fy 
Thickness of crowm = NT, (¢) 
8r 8r 
a 2 
Ie rs is positive, 
2 2 
~-d +a 
iiiekmess of flint = Br. i ere 7 + k (10a) 
ee fg is negative, 
43° 
thickness of flint = te (10b) 
ee 


The cenStant k is the thickness of the blank at its 
thinnest part, i.¢., the edse of the crown or the center 
Ch Ae Vi Lint. se Muss be Susticientiy Larce to gave the 
necessary mechanical streneth to the finished lens. It 
is suggested that .04 tines the diameter is a suitable 
value for k although this value may be deviated from con- 
Siderably. 


The lens as deSigned is to be assembled with the two 
equal radii of crown and flint nested and with the crom 
component turned toward the star or distant object. The 
values of the radii given by these formulae are approxi- 
mate and the final objective should be figured or 
parabolized if complete elimination of spherical aber- 
ration is to be assured... This is commonly done on the 
outside surface of the flint lens. The reader is re- 
ferred to Smithsonian Contributions to Knowledge, Vol. 
XXXIV,for detailed directions bv which an amateur may 
learn to grind, polish and figure glass surfaces. 
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Illustrative Exanple 


Te dessen, a TO, ineh objective using barium 
ercwasiN = 1.5734, sy = 57.6 and 


D 
flint, Ni = 1.6202, ) = 37.5 glasses. 

N, = 1.5734 

) = 57.6 
Ni = 1.6202 

D 

f 
U = 37.5 
él = IO 


Then wiv 5x LOL = 150) inches. 


57.6 


Si SEIN 
fi USOs rameter) ire 


When values of Ny 5 Ny ; ) ana 0; are Substituted in 


equation (3) one obtains the equation 
ATOMaleuese) Mo 10126" 8 +b Buehs. 6.793) (i) 
3) 
EOISSS IS Sem elo Asien mi44. 25500 46.658) = 0 


From equations (4) and (5) 


X! -1,668 X+0.663 
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Introducing these values in equation (11) and 
collecting terms 


25.025 xX° Wan 238 X ees) ys 

+ 37.879 

£16,060 + Ge eter 2 ea 

His ela Dn ace 

Ls OR 

Le aks 

Adding 

8.965 x® Saas x 0,750 = 6 


This quadratic has the two roots 
K-01 47) ce 0. 705 

The first root is the one which gives the desired solution. 

From equation (12) K' = +0.853 


From equations (6), (7) and (8) 


_ 200.5734) (52.3) _ 460% anones 


nine 0,886 


= 210.5734) (52.5 =e oie emics 


ra) -1.114 


es 210.6808) (-80.4) _ +678.0 inches 


3 Oe are 
From equations (S$) and (10a) 
Thickness of crown component 


DEO a OCC ET ee aii! Saches 
BH Gieuny 8(-53.8) 


Thickness of flint component 


100 US MOIS) + 0.4 = 0.65 inches. 
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